
 
 
 
 
 
 
 
 
 

EXHIBIT 
 

15 
 
 

DEFENDANTS’ MOTION TO EXCLUDE 
THE TESTIMONY OF  

DR. CHRISTOPHER TEAF 
 
 

 
 
 
 
 
 
 
 
 

05-CV-0329 GKF-PJC 

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 1 of 28



IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF OKLAHOMA

STATE OF OKLAHOMA, et aI., )
)

Plaintiffs, )
)

vs. )
)

TYSON FOODS, INC., et aI., )
)

Defendants. )
)

OS-CV-0329 GKF-SAJ

EXPERT REPORT
of

HERBERT L. DuPONT, M.D.

October 14, 2008

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 2 of 28



IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF OKLAHOMA

EXPERT REPORT OF HERBERT L. DuPONT, MD

Table of Contents Page

Qualifications and Experience.................................................................. 3

Assignment. . . . . . . . .. . . . . . . . . . . . . . .. . .. . . . . . . . .. . .. . . . . . . . . . . .. . . . . . . . .. . .. . . . . . . . .. . . . . . . . .. . . . . .. 4

Compensation..................................................................................... 4

Approach Taken in the Report.................................................................. 4

Bacterial Markers of Fecal Contamination of Water "Fecal Indicator Bacteria" (FIB) is an
Evolving System of Monitoring Safety of Water Used for Recreation and for Drinking and a
Distinction Should be Made Between Inexpensive Screening for Water Quality Versus
Incriminating a Single Source or Industry Responsible for Contamination................ 5

The Levels of Fecal Indicator Bacteria in the IRW Approximate Levels Seen With Many Water
Sources in Oklahoma and the United States and Human Disease Rates in the Watershed
Approximate those Seen in Other Regions..................................................... 8

In the Absence of Heavy Water Contamination and Large Community Illness Outbreaks,
Disease-Producing Microbes in Water Sources Are Not Present or Present in Low
Concentrations, Showing Low Rates ofInfectivity with Organisms of Non-Poultry Sources
Predominating................... 10

Food is the Major Source of Human Enteric (Intestinal) Infections in the United States and in
Oklahoma with Water Producing Much Lower Rates of Human Illness.................. .... 10

Water is Primarily a Source of Low-Dose Pathogens with Higher-Dose Pathogens Being
Transmitted by Food in Which Bacterial Multiplication to Infectious Levels is More Apt to
Occur................................................................... II

Recovery of Disease-Producing Microbes from Water - Where the Field is Moving in
Detennining Safety of Water and Source of a Potentially Waterborne Illness............. 12

Salmonella and Campylobacter are the Only Enteric (Intestinal) Pathogens Affecting Humans
that Can Be Traced to Poultry; Both Organisms Can Come From Other Animals Including
People.............. 14

Antimicrobial Resistance for Salmonella, Campylobacter and nonnal Intestinal E. coli Flora-
Role of Poultry Versus Human Use of Antibiotics.......... IS

I

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 3 of 28



Selected Extra-intestinal Infections of Humans and Water Exposure Discussed by State
Consultants. . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . ... . . .. . .. . . . . . . . . . . .. . . . . .. . . . . .. . . . . . I 5

Microbial Source Tracking (MST) - Finding Origin of Pathogens Present in Water...... 16

Hormones in the water of the IRW , 18

Conclusions.......................................................................................... 18

Scientific Publications Supporting Opinions.................................................... 20

2

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 4 of 28



Qualifications and Experience

My name is Herbert L. DuPont. I am over 18 years of age and am competent to testify. All
opinions presented in this statement reflect personal knowledge based on information and data
that I have reviewed in this case. All opinions provided in this affidavit are given to a reasonable
degree of scientific certainty.

Education: I received a Bachelor's degree with a major in chemistry from Ohio Wesleyan
University in 1961 and an MD from Emory University School of Medicine and carried out
internal medicine residency at the University of Milmesota Medical Center and infectious
diseases fellowship at the University of Maryland. I have served as an infectious disease
epidemiologist (person who studies epidemics of infectious diseases in human populations) with
the U.S. Centers for Disease Control and Prevention (CDC) and was asked to study infectious
diseases outbreaks in the U.S. and abroad.

Current Positions: I am currently Director of the Center for Infectious Diseases and Professor of
Epidemiology at the University of Texas - Houston School of Public Health and have taught the
principles of intestinal infections, diarrheal illness and water-borne and food-borne disease
outbreaks and evaluation to public health and medical students at our school for more than thirty
years. Also, I am Chiefof Internal Medicine at St. Luke's Episcopal Hospital, a 700-bed
university hospital responsible for training doctors in internal medicine including infectious
diseases, nephrology, hematology, endocrinology, gastroenterology, as well as eight other
medical specialties.

Research Work and Publications: I have worked for approximately thirty years performing
research in the field of enteric (intestinal) infections and infectious diseases in the U.S. and
abroad. I have authored or co-authored more than 570 scientific papers and 19 textbooks, most of
which have been in the field of infectious and intestinal infectious diseases. I direct research
programs dealing with diarrhea in the United States and abroad, currently working on three
continents. Much of the current information on dose of enteric (intestinal) organisms causing
diarrhea in humans come from volunteer challenge studies performed by me. I am considered an
international expert in infectious diseases, diarrhea and intestinal infection.

Involvement with Federal Agencies: I have had recurrent involvement with U.S. Public Health
Service, after formal training beginning when I served as an Epidemic Intelligence Service
Officer with the CDC. During the Carter administration, I was asked to serve as one of four
medical consultants to develop a research program between Israel, Egypt and the United States,
from 1989 through 1994, as part ofthe Jimmy Carter-Anwar Sadat-Menachem Begin Camp
David Accords. I served on the Vaccine and Biological Products Committee of the U.S. Food
and Drug Administration, February 1989-January 1993 and remain to the present time a Special
Government Employee and Advisory Committee Member to the FDA. I served on the Board of
Scientific Counselors for the CDC in Atlanta, from 1992 through 1996 and served on the
National Institutes of Health (NIH) Blue Ribbon Panel on Bioterrorism and its Implications For
Biomedical Research, commissioned just after September 11,2001.

Editorial Boards: 1served as Associate Editor of the American Journal of Epidemiology and the Journal
onnfectious Diseases, and currently serve as the Deputy Editor of the Journal ofTravel Medicine. I am
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currently on the following Editorial Boards of major medical journals: Clinical Infectious Diseases,
Infectious Diseases in Clinical Practice, The Journal of Infection, Infectious Disease News, and
Gastroenterology & Hepatology

Honors and Recognition: I was recognized for teaching excellence from the University of Texas
Medical School fifteen times including receipt of the school's most distinguished clinical teacher
award and the outstanding teaching award from the medical school alumni. I received the Bronze
Medaille D'Hollileur (Bronze Medal ofHonor) from the French govermnent, April 25, 1993 for
leadership in travel medicine. The International Society of Travel Medicine bestowed on me
their Medal of Honor in 1995, in gratitude for leadership as first society president and for work
in the development of the Journal of Travel Medicine. The Society has given two Medals of
Honor in its more than 20 years of existence. I received an Honorary Doctorate from the
University of Zurich at a formal ceremony in Switzerland, APlil 24, 2004, in recognition of
achievements in areas of understanding how Escherichia coli produces diarrhea and furthering
knowledge of the causes and mechanisms of infectious intestinal infections. I received the
Distinguished Achievement Citation from Ohio Wesleyan University, the university's highest
honor for alumni, for contributions to scientific research, teaching, clinical practice and service
to the global community. I received the Maxwell Finland Award for Scientific Achievement for
outstanding contributions to understanding of infectious diseases and public health from the
National Foundation for Infectious Diseases in Washington, DC, March 21,2007. This is the top
national award in infectious diseases. May 15, 2008, I was awarded Mastership in the American
College of Physicians (ACP) at a formal Convocation, Washington, DC. On April 4, 2007 I was
asked to deliver a national address - tl1e 15th almual James H. Steele, DVM Lecture on
Foodborne Disease which was published in the journal Clinical Infectious Diseases. I am a
member of Who's Who in America and Who's Who in the World. I have been listed in the Best
Doctors in America and America's Top Doctors for infectious disease each year of the two
publications (1992-2008 and 2001-2008, respectively).

Assigmnent: For the current lawsuit I have been retained by the defendants to assess and respond
to the state's expert testimony and to provide my assessment of the poultry industry and tl1e
allegation that it may have contributed to contamination of the Illinois River Watershed. My
work has included addressing the allegation that poultry litter has created a public health risk. I
have reviewed a large volume of material provided by the state in this suit and the various Expert
Reports and depositions of the State's consultants: Darren 1. Brown, PH, Lowell Caneday, PhD,
Bernard Engel, PhD, P.E, J. Berton Fisher, PhD, Valerie J. Harwood, PhD, Gordon V. Jolmson,
Ph.D, Todd W. King, PE, BCEE, Robert S. Lawrence, MD, Dr. R. Jan Stevenson, Dr. C. Robert
Taylor and Christopher M. Teaf, PhD. I have also reviewed the material these consultants
considered in forming their opinions.

Compensation: For my work I am compensated at a rate of $450 per hour for any work provided
including testifying.

Approach Taken in This Report

In the following comments, I deal with key issues relating to waterborne infectious diseases in
the United States and in the state of Oklahoma among persons living near and recreating in the
Illinois River Watershed. For my report I direct my comments to eleven relevant areas and then
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provide a brief summary of my conclusions. I include detailed references of the points made
providing scientific support for my comments. I have treated this as a scientific document and
provided documentation and support for my opinions. I have previously prepared an affidavit
and provided testimony in this matter. I hereby incorporate my prior affidavit and testimony the
same as if fully set forth herein.

1. Bacterial Markers of Fecal Contamination of Water "Fecal Indicator Bacteria"
(FIB) is an Evolving System of Monitoring Safety of Water Used for Recreation and
for Drinking and a Distinction Should be Made Between Inexpensive Screening for
Water Quality Versus Incriminating a Single Source or Industry Responsible for
Contamination

Fecal pollution of water sources can come from wastewater treatment facilities, septic tanks,
domestic animals, wild animals including water fowl and pets. Since enteric disease-producing
pathogens can come from a variety of human or animal sources and disease control and
prevention depends upon knowing the origin and source or reservoir of disease-producing
microbes, an emphasis in water quality measurements has moved from finding coli forms of
possible fecal origin to more accurate markers ofpollution. The recent past emphasis has been on
defining E. coli, a non-specific fecal organism found in all warm-blooded animals. The current
and future emphasis is and will continue to be identifying disease-causing pathogens in water.
Water pollution of human origin is of the greatest public health concern since human feces is
more likely to contain human-specific microbes than is animal feces. Within animal species the
range ofpathogens destined for humans is fairly narrow with a number of specific disease
causing organisms showing predictable animal or human reservoirs.

Historically "intestinal" bacteria have been sought in water to indicate that possible fecal
contamination has occurred. The indicator bacteria traditionally relied upon include total
coliforms (or "E. coli-like" organisms), fecal coliforms (defined by biologic properties),
Enterococcus and E. coli. The latter two organisms are found in the intestines of all wann
blooded animals. There are many limitations of relying on these fecal markers in water as a
means to show disease risk with recommendations for water monitoring changing with the
development of modern molecular methods of microbiological detection.

In 1986 the U.S. EPA recommended thatE. coli be used as the indicator offecal contamination
in recreational waters. The standard was set at a geometric mean concentration of 126 colonies
per 100 mL of water, which was estimated to be correlated with gastrointestinal illness rate of
approximately 8 people per 1,000 swimmers. This was established in freshwater beaches on
Lake Erie in Pennsylvania and on Keystone Lake near Tulsa, Oklahoma. Swimming was strictly
defined as activity that resulted in all upper body openings being exposed to the water. The
beaches had different levels of fecal indicator bacteria. After 8 to 10 days the swimmers and non
swimmers were interviewed with regard to symptoms of gastrointestinal or respiratory illness. E.
coli and enterococci showed some correlation with illness in these areas heavily used by humans
for bathing and swimming but fecal coliforms did not show a relationship with gastrointestinal
illness in the swimmers. An important point about these standards is that popular beaches were
studied where heavy human use of the water and nearby human sewage discharges assured the
presence of bacteria of human origin including human disease-causing pathogens. The standards
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were not set in more remote areas where human use and living was minimal to give the worst
case scenano.

Limitation of Fecal Indicator Bacteria to Detennine Water Quality

While it is understandable that the water industry must have an inexpensive and useful means of
screening water for microbial quality, in a lawsuit aimed at a single industry, indicator bacteria
have no value in detennining an industry contribution to water quality. In the following I offer
six points about the limited value of indicator bacteria as a means of monitoring water quality
and detennining contribution of a single industry to microbial contamination.

Fecal indicator bacteria (FIB) are not considered pathogens

Indicator bacteria may be more predictive of water quality when they are not found, making it
unlikely that other disease-causing microbes associated with fecal pollution will be present.
When indicator bacteria are detected, pathogens mayor may not be present.

It is impoliant for lay persons to understand E. coli as both good and bad bacteria. The nonnal E.
coli that live in our intestines are good for us. They take up room and inhibit the subsequent
growth of more hostile organisms and thus directly protect us. Also, E. coli and other nonnal
microbial flora of our intestinal tract produce vitamins that are important to our health. Other
bacteria that in the laboratory resemble our nonnal good E. coli produce toxins or can invade the
lining of our intestine and produce human illness. These are called pathogenic bacteria and can
produce diarrhea and other symptoms. When I evaluate water samples for E. coli in the water in
the absence of an epidemic, I assume the E. coli are not disease-producing. This relates to the
agreed upon point that indicator should not be considered pathogenic. The exception that
indicator bacteria never cause human disease is seen with some of the pathogenic strains ofE.
coli that come from human feces (enterotoxigenic E. coli - ETEC) or from cattle manure (E. coli
0157:H7 and other serotypes of Shiga toxin producing E. coli - STEC, such as E. coli 0111).
Poultry is not a recognized source of ETEC or STEC. Additionally, the state has not shown the
presence ofETEC or STEC in poultry litter or in the IRW.

Bacteria grow to much higher levels in food, which is a culture medium, than in water, which
inhibits growth ofbacteria. Ifwe used the same system of monitoring offood as water which
makes perfect sense, we would never eat fresh fruits and vegetables. In published data from our
laboratory, we have fonnd that pre-washed and bagged lettuce obtained from grocery stores in
Houston contain an average of30,000 colifonns per gram of weight. In Europe by federal laws,
cheese for consumption may contain up to 10,000 E. coli per gram (1). The same principles
dealing with risk of intestinal infections and fecal contamination (indicator bacteria) exist for
food and water. When comparing these levels of "fecal indicator bacteria" in food with water, it
should be remembered that the number of bacteria measured in water is per 100 mL. For
comparison, the number of indicator bacteria in Houston lettuce per 100 mL would be 3,000,000
(3 million) per 100 g (equivalent to 100 mL as measured in water) and the number of acceptable
indicator bacteria in acceptable cheese for consumption in Europe would be 1,000,000 (1
million) per 100 g. These numbers in food regularly consumed by Oklahoma residents need to be
compared to the low number of indicator bacteria found in the IRW. Oklahoma residents will
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find much lower numbers of indicator bacteria in the waters of the IRW than in their local
grocery store. The organisms have the same significance in food and water.

One ofthe errors made by state consultants is that Enterococcus from water is a pathogen for
humans. The organism is seen essentially only in patients in a hospital setting who acquire the
organism after being given broad spectrum antibiotics (2), generally in an intensive care unit.
Enterococcus is not considered by infectious disease physicians to be a waterborne pathogen of
patients.

Indicator bacteria as a means of evaluating water disease risk, lack of sensitivity and
specificity

Fecal indicator bacteria have been used to determine safety of water for more than 100 years.
The argument supporting their use is that ifthere are no feces in the water, there will be no
disease-causing organisms of intestinal origin, whether the source ofthe organisms be from
animals or from humans. Modem state laboratories using measurements of fecal indicator
bacteria for water quality are moving away from the assay of coliform and fecal coliform
measurements, which are poor indicators of fecal pollution, as indicated by the University of
California Agriculture and Natural Resources Department, (Good Agricultural Practices,
http://groups.ucanr.org/UC GAPslEliminate Fecal Coliforms/) and the U.S. EPA (3). These
agencies suggest focusing on E. coli as the indicator organism that often reflects a fecal origin
from animals or humans (4), while developing methods to actually measure disease-producing
pathogens. Data from the IRW and other bodies of water should not use coliforms or fecal
coliforms for any predictive value for water quality. These parameters no longer can be
considered useful.

Concerning source of contamination, laboratory methods currently employed in testing ofwater
do not differentiate between good or bad E. coli or E. coli of human versus animal origin, thus
limiting the value ofE. coli-based assays (5). To confirm that water is unsafe for humans, either
as drinking water or recreational water, it is more relevant to assay for virulent human pathogens
in the water than looking for indicator bacteria including E. coli (6). The food industry has
learned this long ago and our country does not routinely culture the more than $40 billion of food
imported from international countries for coliform bacteria or E. coli. If they employed the same
standards for food that are used for water, our grocery stores would contain very few items.

Presence of fecal markers does not indicate that disease-producing bacteria are present in the
water (7). A study looking for presence of indicator organisms in six wastewater reclamation
facilities failed to show that anyone indicator was predictive of the presence of disease-causing
microbes (6), which agrees with other studies in which fecal indicator bacteria did not correlate
with presence in water of pathogenic microbes (8). In all these studies, the gold standard was
finding pathogens in the water, not indicator bacteria.

Current measurements of indicator bacteria provide no information about source of
contamination, which is critical to establishing causation and when looking for
contribution of a single source or industry and for developing control measures
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Fecal indicators do not tell the source of the contamination whether it be from animal species,
human beings or the environment (9). Research laboratories are developing methods to help
determine origin of intestinal bacteria. See later discussion of microbial source tracking (MST).

When looking at the contribution of a single industry or animal source, laboratory
methods of water quality should focus on detection of pathogens in water, particularly
those pathogens known to be associated with the industry of interest

The most important laboratory approach in determining whether water poses a risk of human
illness is direct identification of disease-causing microbes in the water (10). Research groups are
actively working on this area (see area number 6, below for an extensive discussion of this
topic).

Bacterial markers (fecal indicator bacteria) currently being assayed in rivers and lakes
often come from the environment without directly representing either an animal or a
human fecal source

The bacterial markers may not directly reflect organisms of fecal origin. Studies have shown that
E. coli can persist in water sources throughout the year in adjacent soil, sediments, bank seeps
(11) and algae (12). Finding persistent foci ofE. coli and other fecal indicator bacteria alive and
propagating in soil (13) and multiplying in wetlands (14) limits the value of fecal indicator
bacteria as markers of fecal contamination or as warnings that disease-causing microbes are
present.

The laboratories perfonning biologic marker studies often provide inaccurate results

The various laboratories performing these assays frequently make errors in laboratory work
providing inaccurate data (15) underscoring the need for targeted epidemiologic studies to
determine the presence of a water associated public health problem.

2. The Levels of Fecal Indicator Bacteria in the IRW Approximate Levels Seen With
Many Water Sources in Oklahoma and the United States and Human Disease Rates
in the Watershed Approximate those Seen in Other Regions

The presence in water oflow numbers of bacteria ofpossible fecal origin does not predict a body
of water will be associated with increased rates of human disease (16). The key is to show that an
organism of water origin is actually causing human illness in a watershed area. This is done
though epidemiological study which is critical to providing evidence that one or more
waterborne pathogens are producing illness in people (10). Epidemiologic investigations are
methodologically sound and are essential to learning whether a problem exists and what disease
producing pathogens are responsible for human illness (17). Such epidemiological studies have
allowed public health authorities to focus on the pathogen(s) of interest as has been done in
previous waterborne outbreaks in the United States including outbreaks from: recreational water
of Crater Lake caused by enterotoxigenic E. coli (ETEC) from a human source (18); drinking
water in Rome, New York caused by Giardia due to contamination by beavers and other lower
mammals (19); drinking water associated Cryptosporidium-induced illness in Milwaukee (20)
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from cattle; and drinking water in Aspen, Colorado due to Giardia (21) from lower mammals in
the wild. If epidemiologic studies had not been performed these outbreaks would likely have
remained undetected. Also, none of these outbreaks came from poultry operations or from
poultry.

Finding that isolated spots in the IRW have occasionally failed to meet the EPA 1972 Clean
Water Act standards does not mean that it is unsafe for human recreation or that excessive illness
will result by human exposure. Approximately 35% of rivers and 45% of lakes in the U.S. do not
meet the 1972 Clean Water Act standards to be swimmable or fishable, thus are considered
impaired (USEPA. The quality of our Nation's waters; EPA-841-S-00-001; US Environmental
Protection Agency, Office of Water: Washington, DC, 2000). The only way that reduced human
safety on the part of a body of water can be determined is by epidemiologic study of human
illness. The only suitable indirect method to determine lack of safety of a water body is finding
well-defined and fully-virulent enteric pathogens in the water.

The Plaintiff consultants estimate based on indicator bacteria and the number of person using the
lllinois River and its tributaries, that 8 per 1,000 people (0.8%) develop illness each year because
of the contaminated water. Considering the number of persons using the water provided by Dr.
Caneday, the consultants estimate that 1,200 illnesses occur annually because ofthe water
quality. In my opinion, there is no scientific basis for this estimate. The human health risks from
water depend upon a number offactors including presence ofpathogens in the water, source of
indicator bacteria (animals versus humans) and use of the water. Concerning use of the water,
floating or boating, where ingestion of water is unlikely, is not associated with risk for
waterborne disease. Drinking water from household wells is of greater concern if pathogens are
present in the water. Of perhaps greater importance than this estimate of 1,200 illnesses from
water exposure, there is absolutely no reason to point to the poultry industry as the important
source of water contamination. If excessive waterborne disease is occurring in the IRW, I believe
it would most likely reflect water pollution from local human sources (e.g. septic tanks), with
water pollution from cattle or wild animals both being more likely than pollution from poultry
sources.

The Health Commissioner from Oklahoma, Dr. Michael Crutcher was not concerned with the
number of cases of enteric infections in his state. If I had been the health commissioner, I too
would have come to this conclusion based on the number of cases of illness identified in the
counties adjacent to the IRW. Dr. Crutcher did not suggest that epidemiologic studies be
performed. I reviewed the data on reported human cases of Campylobacter and Salmonella
diarrhea in the counties adjacent to the IRW and found their rates comparable with most ofthe
counties of the United States outside the IRW. There is absolutely no data to suggest that an
enteric microbial health risk has existed or exists in the IRW.

To determine that water microbes are actually capable of causing human disease, it is necessary
to perform epidemiological studies looking at human cases and determining human risk (22).
The arguments of the Oklahoma state consultants about cases of human enteric illness along the
IRW are curious. On one hand they state that most illness cases are not detected by nonnal
surveillance so there must be many undetected cases of disease occurring related to the local
water sources. On the other hand, they argue that focused epidemiologic study is not needed to
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determine actual risk, since no clustering of cases has been documented. Without any scientific
justification, they claim to know there is a problem without clinical or epidemiologic evidence,
instead use only faulty logic. When epidemiologic studies are not recommended or performed,
health authorities are satisfied with rates of illness found with their normal surveillance of
disease. In these settings, as in the IRW, health authorities have enough information about
disease rates in their population and need no further study.

3. In the Absence of Heavy Water Contamination and Large Community Illness
Outbreaks, Disease-Producing Microbes in Water Sources Are Not Preseut or
Present in Low Coucentrations, Showing Low Rates of Infectivity with Organisms
of Non-Poultry Sources Predominating

Water supports the growth of relatively low levels of bacteria unless contaminated with raw
human sewage. Microbes can survive for variable time periods in water but it is a relatively
hostile environment for microbial viability and growth. For this reason, cultures of water looking
for bacteria, indicator bacteria or pathogens, must determine presence of microbes in a volume of
water, usually 100 mL. In contrast, food is a microbial growth facilitating media and bacterial
cultures are performed per one gram of food (equivalent to 1 mL or lOoth of the amount of water
cultured routinely). The organisms of concern for poultry contamination are Campylobacter and
Salmonella. There are no other human disease-causing microbes found importantly in poultry or
poultry feces (see later comments). For that reason, I will concentrate on these two disease
producing microbes in further discussion.

The most important variable in developing human illness from contaminated water is presence of
hmuan excreta associated with full water-body contact and submersion of the head with
ingestion of recreational water (23).

4. Food is the Major Source of Human Enteric (Intestinal) Infections in the United
States and in Oklahoma with Water Producing Much Lower Rates of Human
Illness

The CDC estimates that there are 76 million cases of foodborne illness each year in the United
States. Ifwe assume that there are 298,000,000 persons in the U.S. and that there are 3,600,000
persons in Oklahoma, we would expect to have approximately 918,118 cases offoodborne
illness in the state each year. The consultants for the state estimate that the water of the IRW
causes 1,200 cases of illness each year. While I am not convinced by their figures, it is useful to
compare 1,200 with nearly one million to see where the state should focus their attention in
efforts to improve the health of Oklahoma residents.

The EPA estimates that in the U.S. drinking water causes approximately 8.5% of the cases of
acute gastroenteritis seen in the U.S. translating to 16. 4 million cases per year (24). In drinking
water outbreaks, four enteropathogens have been most commonly implicated, Cryptosporidium,
Giardia, noroviruses and Shigella. For each of these organisms, illness can be produced in
humans after exposure to low doses (less than 100 organisms, perhaps a single organism) and
human waste from adjacent septic tanks most commonly explains ground water contamination
(25).
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A less important source of human illness is exposure to recreational water. The most important
organisms causing waterborne illness from recreational waters in the U.S. are Cryptosporidum,
Shigella, Giardia, noroviruses, Shiga toxin-producing E. coli including 0157:H7 and
enterotoxigenic E. coli (ETEC) (26-30). These organisms gain entrance to recreational water
primarily from: 1) cattle, for Cryptosporidium, E. coli 0157:H7 and Salmonella; 2) humans for
Shigella, noroviruses and ETEC; and 3) lower mammals such as beavers for Giardia (31).

Poultry is not considered a source of waterborne microbes. A majority of gastroenteritis
outbreaks from recreational water come from swimming pools or fountains not from recreational
lakes or rivers (32). Wading and paddling pools are the most important source ofE. coli 0157:H7
where the very low dose pathogens reach the water from non-toilet-trained and infected toddlers
(33).

When epidemiologic studies are combined with environmental investigation in recreational
waters of the U.S., illness outbreaks are known to be caused by contamination ofwaters by lower
mammals, water fowl, and human sewage-contaminated recreational water and ground water
(34). Once more, poultry is not known to be an important source of waterborne enteric
pathogens.

5. Water is Primarily a Source of Low-Dose Pathogens with Higher-Dose Pathogeus
Being Trausmitted by Food in Which Bacterial Multiplication to Infectious Levels is
More Apt to Occur

Pathogens can be classified as low-dose «100 viable organisms regularly produce illness in
healthy persons); intermediate-dose (500-100,000 viable microbes) and high-dose (>100,000).
The low-dose organisms are Shigella, Giardia, Cryptosporidium, E. coli 0157:H7 and other
Shiga toxin-producing E. coli, rotavirus (for infants) and noroviruses. The intermediate dose
organisms are Campylobacter and Salmonella and the high-dose organisms are enterotoxigenic
and enteroaggregative E. coli and Vibrio cholera, the cause of cholera. Since water tends to
inhibit the growth of bacteria, the low dose pathogens are the most important organisms in water
borne infections. When the concentrations ofpathogens in water are high, particularly when
important contamination has occurred with human sewage, all classes of organisms may be
transmitted through water including the high-dose organisms, as is seen in cholera endemic
areas.

One important epidemiologic clue that an organism is a low-dose pathogen is that the organism
is frequently spread from infected persons to susceptible individuals through personal contact, so
called, "person-to-person" spread. Also, low-dose pathogens are the ones seen causing recurrent
infections among infants and toddlers attending day care settings where there is a low density of
fecal organisms in the environment. In a mathematical assessment of dose of Campylobacter
based on human feeding experiments, the dose producing the highest illness-to-infection ratio
was found at an intermediate dose of 90,000 organisms (35). While in milk with its acid
buffering capacity, a lower dose (possibly as low as 500 living organisms) may rarely be
achieved (36), which is not relevant for a water source of illness. Campylobacter and Salmonella
are not nornlally spread person-to-person and are not considered important problems in day care

11

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 13 of 28



centers because of the moderate dose required to produce disease. These infections are spread by
food and less commonly in water where multiplication to required infectious levels first occurs.

Dose needed to cause illness in persons has been established by human challenge (feeding)
studies. While it is logical to think that immunocompromised persons or young infants can be
infected with lower organism inoculums, there are no data to prove that Salmonella or
Campylobacter cause illness in this group ofpeople with low inoculum size. Publications that
give doses of organisms needed to cause infection and illness that are not based on scientific
study base their ideas on pure speculation without clinical or epidemiologic evidence. I reviewed
the information given in the US FDA Bad Bug Book and looked for evidence that 15-20
Salmonella could cause illness depending on age, health or host or strain differences. The book
provides no data to support their dose estimate. If such a dose produced illness in humans it
would be very unusual based on feeding experiments and disease epidemiology. The Bad Bug
Book does not mention Campylobacter as a low dose organism, defined as producing disease in
an inoculum size less than 100 bacteria.

The more important concept than dose when immunocompromised persons become infected
with one of these organisms is severity of disease when it does occur. All of us in the field of
infectious diseases caring for the many patients who are immunocompromised including those
with acquired immune deficiency syndrome (AIDS), widespread cancer or the elderly with other
comorbid diseases, know the predictable infectious diseases seen in these populations. The
predictable pathogens include Pseudomonas or Klebsiella for cancer patients, Mycobacterium
avium intracellulare and cytomegalovirus for AIDS patients and Pneumococcus and Clostridium
difficile for elderly persons with comorbidity. These infections are well known to physicians who
care for these patients such as infectious disease physicians. While immunocompromised persons
are exposed daily to foodborne enteric agents including Salmonella and Campylobacter, these
organisms aren't more commonly seen in these persons than in healthy individuals. As an
infectious disease consultant when I see an immunocompromised person with diarrhea, I worry
more about C difficile, Listeria, a parasite or a herpes virus than Salmonella or Campylobacter
even though I know they ingest these organisms weekly. Immunocompromised persons don't
commonly acquire Salmonella or Campylobacter from other family members when they
experience one of the infections, again suggesting that they aren't more susceptible to the
organisms. If immunocompromised persons had an inordinately increased rate of Salmonella and
Campylobacter, infectious disease physicians like me would see each day cases of these forms of
diarrhea. This just doesn't happen.

Another mistake I've seen in the testimony of Dr. Harwood, in her deposition of July 18, 2008.
She indicated that Guillain Barre paralysis occurs in less than 5% ofpatients with
Campylobacter infection. While the causes of Guillain Barre Syndrome are characteristically
unknown, constituting an idiopathic disorder, this complication only rarely is seen following
Campylobacter infection, seen in approximately 1.17/1,000 person-years or <2/10,000 during the
2-months after Campylobacter diarrhea (37).

6. Recovery of Disease-Producing Microbes from Water - Where the Field is Moving
in Determining Safety of Water and Source of a Potentially Waterborne Illness
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Water is not a friendly environment for the growth of microbes. With water there is a built in
safety factor which helps to explain the relatively low risk of acquiring intestinal illness from
swimming in recreational water or when well water is consumed. Water dilutes the organisms
present and a number of factors detailed here help keep the microbial counts low. One of the
major factors in keeping the level of microbial growth in water at very low and safe levels is
solar disinfection from the sun. Solar action lowers the counts of pathogens as has been shown
for Shigella and the cholera bacteria in water (38). Campylobacter strains do not survive well in
water. In sunlight-exposed waters Campylobacter is rapidly killed due to photo-oxidative
damage (39), with survival in strong natural sunlight of only 20 minutes (40). In groundwater the
Campylobacter die-off is 2.5 to 13 times faster than for the indicator bacterium, E. coli (41),
showing the discounect between the organisms.

As mentioned recurrently above, finding disease-causing microbes in the water is of far greater
value in defining the role ofwater in causing human illness than is measuring fecal indicator
bacteria. The methods required for recovery of pathogens differ from recovery procedures for
food because of low bacterial counts in water. Conventional culture methods developed for high
inoculum food or stool are less accurate in finding waterborne pathogens. Methods have been
developed, however, to directly detect bacterial pathogens in water and should be the focus of
future water monitoring programs because of the poor correlation between indicator bacteria and
pathogens in water sources (8).

While Campylobacter and Salmonella strains have been found to be stressed in the hostile
environment of water, they can be recovered and identified from water sources. Some
researchers have indicated these bacteria are viable but nonculturable by conventional laboratory
methods (42, 43). This is not a correct concept. A better explanation is that most of the
organisms are killed in an aqueous environment with recovery (resuscitation) occurring only for
the small number ofliving and culturable bacteria (44). The state's consultants are incorrect in
saying that pathogens cmIDot be recovered from water so there is no reason to look for them. If
the state is implicating the poultry industry in allegedly making the IRW unsafe for humans, they
must show that poultry-associated pathogens are in the water. These pathogens can be detected
in water by modified culture methods and by non-culture molecular methods. Successful
methods for culturing Campylobacter from water sources include the use of:

1) non-selective agar and enrichment broth maintained at reduced temperature (45);
2) enrichment using selective media (46,47);
3) culturing water in fertilized chicken eggs (48);
4) passage of water samples in mice (49); and
5) concentrating bacteria by passing water through filters (50, 51).

When filtering water for Campylobacter, the water can be passed through a filter with pore size,
0.45 microns) (52, 53), or processed by ultra-filtration (54) or by employing membrane
absorption-elution techniques (55).

Salmonella can be identified in water by PCR-hybridization methods (56), by magnetic capture
hybridization combined with PCR or real-time PCR (57). PCR methods have been developed for
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detection of Campylobacter and Salmonella in food (58) and the methods have been adapted to
wetlands and water (59).

None of the information I was provided on this issue explained why the plaintiff experts weren't
asked to attempt recovery of Campylobacter or Salmonella from the IRW. The methods are
available as cited above.

7. Salmonella and Campylobacter are the Only Enteric (Intestinal) Pathogens Affecting
Humans that Can Be Traced to Poultry; Both Organisms Can Come From Other
Animals Including People

Campylobacter diarrhea in humans is associated with chicken consumption in between 25% to
50% of cases (60). For Salmonella infection, poultry, eggs and other animals, including cold
blooded animals are important sources of the organism. Most oftbe other pathogens causing
human illness do not come from poultry because of a species barrier. Because of species
specificity, organisms from humans are able to attach to receptors in the human intestine, can
produce a human-specific inflanunatory response or can invade the human bowel wall. Many
organisms of animal origin, while possessing some of the virulence properties seen also in
human pathogens, may not be able to infect a human host because of human lack ofreceptors of
organism attachment. I offer some examples of species specificity for enteric pathogens. While
Cryptosporidium is a human pathogen from cattle. This species is classified as Cryptosporidum
parvum. The parasite in poultry is Cryptosporidum avium, adapted to infection in poultry, but is
not able to infect other mammals or humans (61). Similarly, enterotoxigenic E. coli (ETEC) is a
human pathogen causing waterborne outbreaks when the source of contamination is human
sewage. Animal strains of ETEC, important in scours in the natural animal host, cannot stick to
the human intestine and cause illness (62). Giardia from some animals (e.g. lower mammals
such as beavers) can infect people and nearly all species of animals can be infected with the
parasite. Many strains are not pathogenic for humans.

Consultants for Oklahoma have indicated that poultry represent a reservoir for E. coli 0157:H7
infection in humans. There is no scientific evidence for this. The CDC in their website on the
sources ofthis infection indicate: "the major source ofE. coli 0: 157 is ground beef. Other foods
and beverages are unpasteurized milk and juice, sprouts, lettuce and salami." Cattle are the
source ofE. coli 0157for most human infections and cattle are frequently colonized by this
important pathogen of humans regardless ofwhether they are grass-fed or lot-feed (63).
Waterborne transmission of E. coli 0157 strains occurs through swimming in contaminated
lakes, pools, or drinking inadequately chlorinated water due to contamination from humans,
often non-toilet-trained infants in wading pools. The organism is easily transmitted from person
to person and has been difficult to control in child day-care centers."
(http://www.cdc.gov/ncidod/dbmd/diseaseinfo/escherichiacolit.htm)

The E. coli 0157 strains that have been isolated from poultry and are found on the farm in
general often lack disease-producing capability (64). Poultry-associated strains, while typed as
0157, may not belong to the fully virulent 0157:H7 variety, important as a pathogen in humans
(65). There is no microbiologic or epidemiologic evidence to implicate poultry as a source of
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human infection for any E. coli diarrhea-pathogens, including E. coli 0157 and other Shiga toxin
producing E. coli including E. coli 0111.

The CDC estimates that 80% of Campylobacter illnesses in the U.S. come from food and that
95% of Salmonella illnesses come from food in the U.S. (66). This relates to the higher inoculum
requirements and need first for organism multiplication in food before human illness to occur.
Non-food risk factors for Campylobacter infection are foreign travel, receipt of antibiotics with
alteration of intestinal flora, contact with home pets and consumption of unpasteurized milk (60).
Non-food risk factors for Salmonella are limited and include international travel, exposure to
amphibians (frogs and newts), baby chickens at Easter time or household pets fed natural pet
treats and cleaning aquaria in sinks (60). Water is not considered an important source for either
organism where mUltiplication to infectious levels does not occur.

8. Antimicrobial Resistance for Salmonella, Campylobacter and normal Intestinal E.
coli Flora - Role of Poultry Versus Human Use of Antibiotics

Campylobacter resistance to the fluoroquinolone class of antibiotics (ciprofloxacin or cipro
related drugs) became a problem in the U.S. after the release offluoroquinolones for animal and
human use in the 1990s. During these years, the human use of this class of drugs became more
widespread than animal use. This class of drugs has become the routine treatment of urinary tract
infections, respiratory tract infections and bacterial diarrhea including travelers' diarrhea. The
FDA suspended all fluoroquinolone use in poultry production as of September 12, 2005. The
class of drugs is still available for livestock. The FDA ban on fluroquinolones in poultry did not
lead to reduced resistance among Campylobacter in poultry products (67) suggesting that human
use of the drugs and international travel were the dominant factors in the development of
resistance (60). Fortunately we are able to treat Campylobacter infections in humans with readily
available antibiotics including erythromycin and azithromycin (68). In the case of Salmonella
infection, antibiotics are not used for cases of gastroenteritis (69). For septicemic Salmonella
infection (blood poisoning) we have excellent antibiotics to manage the infection.

There is no evidence that antibiotic resistance spreads to the general population from poultry. A
consultant for the state of Oklahoma warned that antibiotic use in the poultry industry would
stimulate the development of a widespread pool of antibiotic resistant genes (plasmids) that
would be spread to humans making infections resistant to normally effective antibiotics. There is
a selective advantage to persons for this to happen only if the human is taking an antibiotic and
this is the public health concern. We do need to improve the human use of antibiotics to prevent
the problem discussed by the consultant. Looking at E. coli that colonize the human intestine for
development of resistance, neither poultry contact or nor poultry consumption predicted the
development of resistance, while foreign travel did (70). In relevant studies the percentage of
persons carrying antibiotic-resistant E. coli was not larger in groups of meat-eating people
compared with vegetarians providing additional data that a pool of antibiotic resistance from
animals or poultry was not importantly being spread to people (71, 72).

9. Selected Extra-intestinal Infections of Humans and Water Exposure Discussed by
State Consultants
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Staphylococcus and Streptococcus are the two most important organisms causing soft tissue
infection in humans (e.g. boils, impetigo or cellulitis). Both are found in the respiratory tract of
humans. One third ofpersons are nasal carriers of Staphylococcus (73) and in these persons, the
organism is spread from the nose where found in high numbers to other parts of the body
producing infection when cuts or scratches occur. Streptococcus is also found in the respiratory
tract of humans and is spread between people by the airborne route causing pharyngitis (sore
throats). Poultry does not represent a Imown reservoir for human infection for either of these
bacteria. While limited spread of the organisms has been seen on pig fanns in Europe (74), and
Staphylococcus can be grown from pigs, cattle, horses and pet dogs (75, 76), these animals are
not established sources of the bacterium for humans and many of these animals including pets
appear to have acquired the organism from their human contacts, rather than vice versa. There is
no evidence that Staphylococcal and Streptococcal infections have been facilitated by poultry
operations. Most of us in infectious diseases know the source of Staphylococcus and
Streptococcus is nearly always from humans.

There are no standards for water safety for persons with cuts or scratches. Also, the relationship
ofwater exposure to soft tissue infection in general remains an unstudied area. The organism
important in soft tissue infection, Staphylococcus and Streptococcus show a human reservoir
(source) with low counts found in water.

The two major types of ear infections are otitis externa (external ear infection) and otitis media
(middle ear infection). The ear infection showing an important relationship to water recreation
and swimming is otitis externa. Here the moisture in the outer ear from prolonged or intennittent
submersion of the head in the recreational water, including swimming pools, produces an
environment conducive to bacterial growth (77). The most common cause of otitis externa is
Pseudomonas that grows in all water envirouments (78). Staphylococcus also can cause otitis
externa. Poultry are not a source ofPseudomonas that is found in any moist environment and are
not a recognized source of Staphylococcus causing waterborne infections.

The major eye infection associated with recreational water exposure (pools, rivers or lakes) is
conjunctivitis or pink eye. This is caused by strains of adenovirus (79) spread to susceptible
persons from infected people. The Pneumococcus bacterium from people also can cause pink
eye. Poultry are not the source of adenoviruses or Pneumococcus linked to human conjunctivitis.

10. Microbial Source Tracking (MST) - Finding Origin of Pathogens Present in Water

Research groups are attempting to deal with the limitation of antiquated water quality monitoring
looking at fecal indicator bacteria by employing various microbial source tracking (MST)
methods (80). Molecular methods include immunoassay, nucleic acid methods such as
polymerase chain reaction (PCR) and nucleic acid sequence based amplification and
microarrays. An important line of research in this field has focused on detection of definable
microbes (bacteria or viruses) found only in one specific animal population or humans,
employing traditional microbiologic methods, phenotypic characterization or modifications of
the PCR teclmology. Bacteria known to come from humans may be used to look for human
pollution (81), which is of the highest risk for human illness. Bifidobacterial species have been
used as a marker of human pollution. Some research groups have provided evidence that using
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this biomarker may be useful (82) while others have not (83). Enterococcus faecium is a second
such human bacterial marker (84). A third organism identified with human fecal pollution of
recreational and surface water is human-specific Bacteroides spp. (85). Viruses that infect human
bacteria, called coliphages can be used to track human specific microbes. This approach may
allow the differentiation of fecal pollution of human origin from animal sources (86,87).

One type of laboratory research in the area ofMST has utilized modifications of the polymerase
chain reaction (PCR) (88-90). Amplifications of regions ofbacteria and gene frequencies can
detect small numbers of bacteria in water, identify pathogens (91) and provide evidence that
certain animal species are the source of origin of bacteria.

In using these methods, it is not appropriate to focus on only one source in attempting to
determine the various potential sources of microbes in a water body such as the IRW. That is a
biased approach that will complicate interpretation and erroneously implicate only one potential
source, while not ruling out others. Groups that look for multiple sources have provided valuable
information about various potential sources of contamination. Two studies are cited here to show
how multiple sources might be studied providing useful information. In one ofthe studies, a
modified PCR method demonstrated that cattle, geese, deer and humans all contributed to the E.
coli found in streams under study (92). A second study demonstrated the importance oflivestock
(cattle, horses and sheep) to fecal contamination of regional streams (93). A third study
implicated both humans and geese in the contamination of a major watershed (94). A common
theme in many studies looking at recreational waters for source of fecal markers has been the
finding that wildlife and adjacent human populations represent the most important sources of
local water contamination (95-98). This is what is likely to be found in the IRW with adequate
scientific study.

While nucleic acid technologies are versatile, there are two major problems with this
methodology. First, PCR based methods cannot differentiate between living and dead organisms,
with the latter having no health implications. Secondly, PCR based methods are ultrasensitive. In
PCR based studies, DNA sequences from a few molecules are amplified to tens of millions of
copies ofthe target DNA to test. An organism of interest can then be identified with only a few
strains, dead or alive, being present in the water. This methodology does not allow a
determination of concentration or amount of a microbe in water. It only shows presence or
absence of the tracer organisms.

There are three flaws to Dr. Harwood's research each casting doubt on the significance of her
findings:

1) Dr. Harwood developed a non-specific marker that may be found in avian popUlations
and other sources. She did not develop specific molecular microbial markers appropriate
for the broad range of animal species found in the IRW including cattle, wildlife
(waterfowl and lower land mammals) and people. Not having results of studies with these
biomarkers we cannot say anything about the relative importance of the various potential
sources. It is obvious that Dr. Harwood was not asked to tackle the broader scientific
question of source of contamination. Apparently she was asked to set up a "straw man",
the poultry, for failure.
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2) The molecular methods employed by Dr. Harwood as mentioned above are ultrasensitive.
She amplified DNA from poultry litter or water samples, turning a few copies into many
millions. To graphically illustrate this, if a handful of the bacteria she had identified had
been dispersed in the IRW, it likely would have resulted in a positive test casting doubt
on the public health significance of the research. The tests are so sensitive that they have
no implications as to level of contamination.

3) Dr. Harwood found no illness-causing organisms in the various IRW sources or poultry
litter and didn't develop molecular methods to look for these. It would have been easy for
her to do this if asked. If all the living Brevibacterium avium in Oklahoma were
introduced into the IRW, there is no reason to believe that one person would develop an
illness as a result.

For the reasons stated, Dr. Harwood provided no direct or indirect evidence that poultry were
contributing more fecal indicator bacteria to the IRW than cattle, waterfowl, lower mammals or
people. She furthermore did not provide evidence that poultry contributed to the fecal indicator
pool. Finally and most importantly, Dr. Harwood failed to provide any data that poultry had
introduced or were introducing into the IRW, disease-causing microbes. It is disappointing she
wasn't asked by her employers to develop experiments to detennine if animals (any species) or
people were introducing pathogenic microbes into the IRW. If she had not found genetic material
of poultry origin on land where poultry litter was applied, I would have been surprised.

11. Hormones in the water of the IRW

When I make comments on this topic I am doing it as a Board Certified Doctor ofInternal
Medicine. Endocrinology and the medical aspects of hormones are part of my training and
specialization. I have reviewed the Oklahoma state sampling data on hormones and feel qualified
to comment on the significance of their findings. There are two major problems with the state's
argument. The state has found nanogram concentrations of hormones in the water. A woman
taking birth control pills ingests each day a million times this level. Women normally excrete
into the environment large quantities of the measured hormones. The levels found in the IRW do
not appear to me to be medically important. Secondly, the state has performed no studies to
detennine source of the honnones. In my opinion, the most likely sources of the hormones being
measured in the IRW are cattle and humans. Once again, the state of Oklahoma is ascribing all
water-related problems to the poultry industry without suitable study. I have reviewed FDA
documents about this topic and find that they are interested in studying the area and are caJling
for more research both about the medical implications of honnones in water and in identifying
the important source of the honnones found. They appropriately are seeking to put this issue into
perspective and haven't indicated that poultry is the source of a problem. The websites for their
requests for research are as follows: http://es.epa.gov/ncer/rfa/2006/2006starcafos.html,
http://es.epa.gov/ncer/publications/workshop/082007cafo.html,
http://cfpub.epa.gov/ncer abstracts/index.cfrn/fuseaction/display.rfa/rfa id/435

12. Conclusion
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The case made by the state of Oklahoma about an alleged health risk within the IRW from the
poultry industry is flawed for a number of reasons. While I have focused above on numerous
problems with their case, in my concluding comments I comment on three fundamental flaws.

First, the state failed to perform the needed epidemiologic investigations to determine if an
enteric infectious disease problem existed in the IRW. The health commissioner for the state of
Oklahoma wasn't sufficiently worried about this based on rates of illness obtained during normal
state disease surveillance, in my opinion, he shouldn't have been concerned. The state has
provided absolutely no epidemiologic or clinical evidence that waterborne disease or diseases are
occurring with unexpected or unacceptable levels in the region.

Second, the state's consultants attempted to find pathogens in the IRW but failed to find them.
As a result, they hypothesized that pathogens were stressed, nonculturable but viable and stopped
there. This is not a modern or scientific approach to assessment of a waterborne health threat.
There are many studies showing that recovery of pathogens from recreational and drinking water
is feasible and potentially important (see above). At a minimum, the state should have performed
a thorough study looking for Salmonella and Campylobacter in drinking water and in
recreational water in the IRW.

Third, the state has focused only on poultry as the potential source of environmental
contamination in the IRW. They made a non-scientific decision to pursue the poultry industry
ignoring all other sources of environmental contamination. Cattle are known to harbor and
excrete into local environments bacterial pathogens destined to cause human illness, including E.
coli 0157:H7 and other Shiga toxin producing E. coli including 0111 and 026 strains,
Salmonella and Cryptosporidium. Wildlife regularly add to water sources human pathogens
including Giardia, Salmonella and Campylobacter. Previous studies cited above have indicated
that the three most important sources of contamination of water in the United States are people,
cattle and wildlife. In reviewing the literature, I found no published studies providing evidence
that poultry was a source of water contamination for human illness anywhere in the country.

Based on reasonable probability, I believe that in the IRW, humans are contributing importantly
to contamination of drinking and recreational water. I base this statement on two lines of
evidence. First, humans lead the list for water contamination in other settings referenced above.
Secondly a report prepared on the Illinois River Basin of Oklahoma in 1999 provides evidence of
an important local public health problem of human sanitation in the IRW. This report indicated
that there were 27,000 septic systems in the 3 main Oklahoma counties of the IRW
(Comprehensive Basin Management Plan for the Illinois River Basin in Oklahoma, prepared by
Shanon Haraughty, Water Quality Division, Oklahoma Conservation Commission, May 1999). It
furthermore indicates that a previous study found that only 25% of the on-site waste disposal
systems met state requirements. The inadequacies found ranged from insufficient lateral lines,
lack of sufficient septic tanks, direct disposal of grey (contaminated) water to streams ditches or
land surfaces, and improperly located tanks and lateral lines. Extrapolation to the whole
watershed suggests the potential for 75% of rural households to have substandard systems.

The court is being asked to assume poultry are the sole source ofIRW contamination and to
assume the region has excessive preventable infectious enteric disease related to the handling of
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poultry litter. The efforts put forth in this lawsuit could have appropriately served the state of
Oklahoma by a comprehensive approach to determining if a problem of water contamination
existed and if so, where the contamination originated. Assuming that a problem exists in
Oklahoma, which isn't clear to me, a comprehensive approach could lead to corrective measures
and improved public health. A comprehensive and balanced study along with a corrective plan
focusing on scientific findings is the only sure way to improve the public health from enteric
pathogens in IRW. Such a program looking at all the various potential contributions to enteric
disease in the state, would be welcome by the poultry industry and could be helpful to improving
the health of residents of Oklahoma.

I look forward to evaluating further information and evidence on this topic and to providing
additional opinions.

Herbert 1. DuPont, MD
October 14,2008

Scientific Publications Supporting Stated Opinions in This Report

1. Wiedemnarm A, Kruger P, Dietz K, Lopez-Pila JM, Szewzyk R, Botzenhart K. A
randomized controlled trial assessing infectious disease risks from bathing in fresh recreational
waters in relation to the concentration of Escherichia coli, intestinal enterococci, Clostridium
perfringens, and somatic coliphages. Environ Health Perspect. 2006 Feb; 114(2):228-36.
2. Gordts B, Van Landuyt H, Ieven M, Vandamme P, Goossens H. Vancomycin-resistant
enterococci colonizing the intestinal tracts of hospitalized patients. J Clin Microbiol. 1995
Nov;33(11):2842-6.
3. Wade TJ, Pai N, Eisenberg IN, Colford JM, Jr. Do U.S. Environmental Protection
Agency water quality guidelines for recreational waters prevent gastrointestinal illness? A
systematic review and meta-analysis. Environ Health Perspect. 2003 Jun; III(8): 1102-9.
4. Hamilton WP, Kim M, Thackston E1. Comparison of commercially available
Escherichia coli enumeration tests: implications for attaining water quality standards. Water Res.
2005 Dec;39(20):4869-78.
5. Lasalde C, Rodriguez R, Toranzos GA. Statistical analyses: possible reasons for
unreliability of source tracking efforts. Appl Environ Microbiol. 2005 Aug;71(8):4690-5.
6. Harwood VJ, Levine AD, Scott TM, Chivukula V, Lukasik J, Farrah SR, et al. Validity of
the indicator organism paradigm for pathogen reduction in reclaimed water and public health
protection. Appl Environ Microbiol. 2005 Jun;71(6):3163-70.
7. Arnone RD, Walling JP. Waterborne pathogens in urban watersheds. J Water Health.
2007 Mar;5(1):149-62.
8. Dechesne M, Soyeux E. Assessment of source water pathogen contamination. J Water
Health. 2007;5 Suppll :39-50.
9. Plummer JD, Long SC. Monitoring source water for microbial contamination: evaluation
of water quality measures. Water Res. 2007 Aug;41(16):3716-28.
10. Field KG, Samadpour M. Fecal source tracking, the indicator paradigm, and managing
water quality. Water Res. 2007 Aug;41(16):3517-38.

20

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 22 of 28



11. Whitman RL, Nevers MB, Byappanahalli MN. Examination of the watershed-wide
distribution of Escherichia coli along Southern Lake Michigan: an integrated approach. Appl
Environ Microbiol. 2006 Nov;72(11):730l-l0.
12. Olapade OA, Depas MM, Jensen ET, McLellan SL. Microbial communities and fecal
indicator bacteria associated with Cladophora mats on beach sites along Lake Michigan shores.
Appl Environ Microbiol. 2006 Mar;72(3):1932-8.
13. Ishii S, Ksoll WB, Hicks RE, Sadowsky MJ. Presence and growth of naturalized
Escherichia coli in temperate soils from Lake Superior watersheds. Appl Environ Microbiol.
2006 Jan;72(1):6l2-21.
14. Sanders BF, Arega F, Sutula M. Modeling the dry-weather tidal cycling offecal indicator
bacteria in surface waters of an intertidal wetland. Water Res. 2005 Sep;39(14):3394-408.
15. Griffith JF, Aumand LA, Lee 1M, McGee CD, Othman LL, Ritter KJ, et al. Comparison
and verification of bacterial water quality indicator measurement methods using ambient coastal
water samples. Environ Monit Assess. 2006 May;116(1-3):335-44.
16. Chalmers RM, Aird H, Bolton FJ. Waterborne Escherichia coli 0157. Symp Ser Soc
Appl Microbiol. 2000(29):124S-32S.
17. Craun GF, Frost FJ, Calderon RL, Hilborn ED, Fox KR, Reasoner DJ, et al. hnproving
waterborne disease outbreak investigations. Int J Environ Health Res. 2001 Sep;11(3):229-43.
18. Rosenberg ML, Koplan JP, Wachsmuth lK, Wells JG, Gangarosa EJ, Guerrant RL, et al.
Epidemic diarrhea at Crater Lake from enterotoxigenic Escherichia coli. A large waterborne
outbreak. Ann Intern Med. 1977 Jun;86(6):7l4-8.
19. Shaw PK, Brodsky RE, Lyman DO, Wood BT, Hibler CP, Healy GR, et al. A
communitywide outbreak of giardiasis with evidence of transmission by a municipal water
supply. Ann Intern Med. 1977 Oct;87(4):426-32.
20. Kramer MH, Herwaldt BL, Craun GF, Calderon RL, Juranek DD. Surveillance for
waterbome-disease outbreaks--United States, 1993-1994. MMWR CDC Surveill Summ. 1996
Apr 12;45(1):1-33.
21. Lapham SC, Hopkins RS, White MC, Blair JR, Bissell RA, Simpson GL. A prospective
study of giardiasis and water supplies in Colorado. Am J Public Health. 1987 Mar;77(3):354-5.
22. Noble RT, Weisberg SB. A review of technologies for rapid detection of bacteria in
recreational waters. J Water Health. 2005 Dec;3(4):38l-92.
23. Standish-Lee P, Loboschefsky E. Protecting public health from the impact ofbody-
contact recreation. Water Sci Technol. 2006;53(10):201-7.
24. Messner M, Shaw S, Regli S, Rotert K, Blank V, Soller J. An approach for developing a
national estimate of waterbome disease due to drinking water and a national estimate model
application. J Water Health. 2006;4 SuppI2:20l-40.
25. Levine WC, Stephenson WT, Craun GF. Waterbome disease outbreaks, 1986-1988.
MMWR CDC Surveill Summ. 1990 Mar;39(1):1-13.
26. Cryptosporidiosis outbreaks associated with recreational water use--five states, 2006.
MMWR Morb MOlial Wkly Rep. 2007 JuI27;56(29):729-32.
27. Coupe S, Delabre K, Pouillot R, Houdart S, Santillana-Hayat M, Derouin F. Detection of
Cryptosporidium, Giardia and Enterocytozoon bieneusi in surface water, including recreational
areas: a one-year prospective study. FEMS Immunol Med Microbiol. 2006 Aug;47(3):35l-9.
28. Craun GF, Calderon RL, Craun MF. Outbreaks associated with recreational water in the
United States. Int J Environ Health Res. 2005 Aug; 15(4):243-62.

21

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 23 of 28



29. Moore AC, Herwaldt BL, Craun GF, Calderon RL, Highsmith AK, Juranek DD.
Surveillance for waterborne disease outbreaks--United States, 1991-1992. MMWR CDC Surveill
Summ. 1993 Nov 19;42(5):1-22.
30. Yoder JS, Blackburn BG, Craun GF, Hill V, Levy DA, Chen N, et al. Surveillance for
waterborne-disease outbreaks associated with recreational water--United States, 2001-2002.
MMWR Surveill Summ. 2004 Oct 22;53(8):1-22.
31. Fayer R, Santin M, Trout JM, DeStefano S, Koenen K, Kaur T. Prevalence of
Microsporidia, Cryptosporidium spp., and Giardia spp. in beavers (Castor canadensis) in
Massachusetts. J Zoo Wildl Med. 2006 Dec;37(4):492-7.
32. Lee SH, Levy DA, Craun GF, Beach MJ, Calderon RL. Surveillance for waterborne-
disease outbreaks--United States, 1999-2000. MMWR Surveill Summ. 2002 Nov 22;51(8):1-47.
33. Hildebrand JM, Maguire HC, Holliman RE, Kangesu E. An outbreak of Escherichia coli
0157 infection linked to paddling pools. Commun Dis Rep CDR Rev. 1996 Feb 2;6(2):R33-6.
34. O'Reilly CE, Bowen AB, Perez NE, Sarisky JP, Shepherd CA, Miller MD, et al. A
waterborne outbreak of gastroenteritis with multiple etiologies among resort island visitors and
residents: Ohio, 2004. Clin Infect Dis. 2007 Feb 15;44(4):506-12.
35. Medema GJ, Teunis PF, Havelaar AH, Haas CN. Assessment of the dose-response
relationship ofCampylobacter jejuni. Int J Food Microbiol. 1996 Jun;30(1-2):101-11.
36. Robinson DA. Infective dose ofCampy10bacter jejuni in milk. Br Med J (Clin Res Ed).
1981 May 16;282(6276):1584.
37. Tam CC, Rodrigues LC, Petersen I, Islam A, Hayward A, O'Brien SJ. Incidence of
Guillain-Barre syndrome among patients with Campylobacter infection: a general practice
research database study. J Infect Dis. 2006 Ju11;194(1):95-7.
38. Berney M, Weilenmaml HU, Simonetti A, Egli T. Efficacy of solar disinfection of
Escherichia coli, Shigella flexneri, Salmonella Typhimurium and Vibrio cho1erae. J Appl
Microbiol. 2006 Oct;101(4):828-36.
39. Sinton LW, Braithwaite RR, Hall CH, Mackenzie ML. Survival of indicator and
pathogenic bacteria in bovine feces on pasture. Appl Environ Microbiol. 2007 Dec;73(24):7917
25.
40. Boyle M, Sichel C, Fernandez-Ibanez P, Arias-Quiroz GB, lriarte-Puna M, Mercado A, et
al. Bactericidal effect of solar water disinfection under real sunlight conditions. Appl Environ
Microbiol. 2008 May;74(10):2997-3001.
41. Cook KL, Bolster CH. Survival of Campylobacter jejuni and Escherichia coli in
groundwater during prolonged starvation at low temperatures. J App1 Microbiol. 2007
Sep; 103(3):573-83.
42. Rollins DM, Colwell RR. Viable but nonculturable stage ofCampylobacter jejuni and its
role in survival in the natural aquatic enviroument. App1 Environ Microbiol. 1986
Sep;52(3):531-8.
43. Stephens PJ, Druggan P, Caron GN. Stressed salmonella are exposed to reactive oxygen
species from two independent sources during recovery in conventional culture media. lnt J Food
Microbiol. 2000 Sep 25;60(2-3):269-85.
44. Bogosian G, Morris PJ, O'Neil JP. A mixed culture recovery method indicates that
enteric bacteria do not enter the viable but nonculturable state. App1 Environ Microbiol. 1998
May;64(5): 1736-42.

22

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 24 of 28



45. Cools I, Uyttendaele M, Caro C, D'Haese E, Nelis HJ, Debevere J. Survival of
Campylobacter jejuni strains of different origin in drinking water. J Appl Microbiol.
2003;94(5):886-92.
46. Bernagozzi M, Sacchetti R, Polenta L. Au evaluation of certain Salmonella detection
methods in surface water. Zentralbl Hyg Umweltmed. 1996 Nov;199(1):84-90.
47. Harvey RW, Price TH. A comparison of two modifications of Rappaport's enrichment
medium (R25 and RV) for the isolation of salmonellas from sewage polluted natural water. J
Hyg (Lond). 1983 Dec;91(3):451-8.
48. Talibart R, Denis M, Castillo A, Cappelier JM, Ermel G. Survival and recovery of viable
but noncultivable forms of Campylobacter in aqueous microcosm. lnt J Food Microbiol. 2000
Apr 10;55(1-3):263-7.
49. Jones DM, Sutcliffe EM, Curry A. Recovery of viable but non-culturable Campylobacter
jejuni. J Gen Microbiol. 1991 Oct;137(10):2477-82.
50. Humphrey TJ. Au appraisal of the efficacy ofpre-enrichment for the isolation of
Campylobacterjejuni from water and food. J Appl Bacteriol. 1989 Feb;66(2):119-26.
51. Pokorny J. To the problem ofCampylobacter jejuni detectability in water. J Hyg
Epidemiol Microbiol Immunol. 1990;34(1):57-61.
52. Blaser MJ, Cody HJ. Methods for isolating Campylobacter jejuni from low-turbidity
water. Appl Environ Microbiol. 1986 Feb;51(2):3l2-5.
53. Mathewson JJ, Keswick BH, DuPont HL. Evaluation of filters for recovery of
Campylobacter jejuni from water. Appl Environ Microbiol. 1983 Nov;46(5):985-7.
54. Polaczyk AL, Narayanan J, Cromeans TL, Hahn D, Roberts JM, Amburgey JE, et al.
Ultrafiltration-based techniques for rapid and simultaneous concentration of multiple microbe
classes from 100-L tap water samples. J Microbiol Methods. 2008 May;73(2):92-9.
55. Goyal SM, Gerba CPo Simple method for concentration of bacteria from large volumes of
tap water. Appl Environ Microbiol. 1980 Nov;40(5):912-6.
56. Feder I, Nietfeld JC, Galland J, Yeary T, Sargeant JM, Oberst R, et al. Comparison of
cultivation and PCR-hybridization for detection of Salmonella in porcine fecal and water
samples. J Clin Microbiol. 2001 Jul;39(7):2477-84.
57. Thompson DE, Rajal VB, De Batz S, Wuertz S. Detection of Salmonella spp. in water
using magnetic capture hybridization combined with PCR or real-time PCR. J Water Health.
2006 Mar;4(1):67-75.
58. Gilbert C, Winters D, O'Leary A, Slavik M. Development of a triplex PCR assay for the
specific detection ofCampylobacter jejuni, Salmonella spp., and Escherichia coli OI57:H7. Mol
Cell Probes. 2003 Aug;17(4):135-8.
59. Alexandrino M, Grohmaun E, Szewzyk R, Szewzyk U. Application of culture-
independent methods to assess the bacteria removal efficiency of subsurface flow constructed
wetlands. Water Sci Technol. 2007;56(3):217-22.
60. DuPont HL. The growing threat of foodborne bacterial enteropathogens of animal origin.
Clin Infect Dis. 2007 Nov 15;45(10):1353-61.
61. Lindsay DS, Blagbum BL, Sundermann CA. Host specificity ofCryptosporidium sp.
isolated from chickens. J Parasitol. 1986 Aug;72(4):565-8.
62. DuPont HL, Formal SB, Homick RB, Snyder MJ, Libonati JP, Sheahan DG, et al.
Pathogenesis of Escherichia coli diarrhea. N Engl J Med. 1971 Jull;285(1):1-9.

23

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 25 of 28



63. Fegan N, Vanderlinde P, Higgs G, Desmarchelier P. The prevalence and concentration of
Escherichia coli 0157 in faeces of cattle from different production systems at slaughter. J Appl
Microbiol. 2004;97(2):362-70.
64. Richards HA, Perez-Conesa D, Doane CA, Gillespie BE, Mount JR, Oliver SP, et al.
Genetic characterization of a diverse Escherichia coli 0157:H7 population from a variety of farm
environments. Foodborne Pathog Dis. 2006 Fall;3(3):259-65.
65. Pilipcinec E, Tkacikova L, Naas HT, Cabadaj R, Mikula 1. Isolation ofverotoxigenic
Escherichia coli 0157 from poultry. Folia Microbiol (Praha). 1999;44(4):455-6.
66. Mead PS, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro C, et al. Food-related
illness and death in the United States. Emerg Infect Dis. 1999 Sep-Oct;5(5):607-25.
67. Price LB, Lackey LG, Vailes R, Silbergeld E. The persistence offluoroquinolone-
resistant Campylobacter in poultry production. Environ Health Perspect. 2007 Jul; 115(7): 1035-9.
68. DuPont HL. Azithromycin for the self-treatment of traveler's diarrhea. Clin Infect Dis.
2007 Feb 1;44(3):347-9.
69. Sirinavin S, Garner P. Antibiotics for treating salmonella gut infections. Cochrane
Database Syst Rev. 2000(2):CDOOI167.
70. Sannes MR, Belongia EA, Kieke B, Smith K, Kieke A, Vandermause M, et al. Predictors
of antimicrobial-resistant Escherichia coli in the feces of vegetarians and newly hospitalized
adults in Miunesota and Wisconsin. J Infect Dis. 2008 Feb 1;197(3):430-4.
71. Elder HA, Roy I, Lehman S, Phillips RL, Kass EH. Human studies to measure the effect
of antibiotic residues. Vet Hum Toxicol. 1993;35 Suppll:31-6.
72. Guinee P, Ugueto N, van Leeuwen N. Escherichia coli with resistance factors in
vegetarians, babies, and nonvegetarians. Appl Microbiol. 1970 Oct;20(4):53 1-5.
73. Cole AM, Tahk S, Oren A, Yoshioka D, Kim YH, Park A, et al. Determinants of
Staphylococcus aureus nasal carriage. Clin Diagn Lab Immunol. 2001 Nov;8(6):1064-9.
74. Lewis HC, Molbak K, Reese C, Aarestrup FM, Selchau M, Sorum M, et al. Pigs as
source of methicillin-resistant Staphylococcus aureus CC398 infections in humans, Denmark.
Emerg Infect Dis. 2008 Sep;14(9):1383-9.
75. Baptiste KE, Williams K, Wiliams NJ, Wattret A, Clegg PD, Dawson S, et al.
Methicillin-resistant staphylococci in companion animals. Emerg Infect Dis. 2005
Dec;II(12):1942-4.
76. Drees M, Snydman DR, Schmid CH, Barefoot L, Hansjosten K, Vue PM, et al. Antibiotic
exposure and room contamination among patients colonized with vancomycin-resistant
enterococci. Infect Control Hosp Epidemiol. 2008 Aug;29(8):709-15.
77. Wang MC, Liu CY, Shiao AS, Wang T. Ear problems in swimmers. J Chin Med Assoc.
2005 Aug;68(8):347-52.
78. van Asperen IA, de Rover CM, Schijven JF, Oetomo SB, Schellekens JF, van Leeuwen
NJ, et al. Risk of otitis externa after swimming in recreational fresh water lakes containing
Pseudomonas aeruginosa. BMJ. 1995 Nov 25;311(7017):1407-10.
79. Schmidt OW, Cooney MK, Foy HM. Adeno-associated virus in adenovirus type 3
conjunctivitis. Infect Immun. 1975 Jun;II(6):1362-70.
80. Yan T, Sadowsky MJ. Detemlining sources of fecal bacteria in waterways. Environ
Monit Assess. 2007 Jun;129(1-3):97-106.
81. Clermont 0, Lescat M, O'Brien CL, Gordon DM, Tenaillon 0, Denamur E. Evidence for
a human-specific Escherichia coli clone. Environ Microbiol. 2008 Apr; 10(4):1000-6.

24

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 26 of 28



82. Long SC, Arango PC, Plummer JD. An optimized enumeration method for sorbitol-
fermenting Bifidobacteria in water samples. Can J Microbio!. 2005 May;51(5):413-22.
83. Lamendella R, Santo Domingo JW, Kelty C, Oerther DB. Bifidobacteria in feces and
environmental waters. Appl Environ Microbio!. 2008 Feb;74(3):575-84.
84. Liu L, Phaniknmar MS, Molloy SL, Whitman RL, Shively DA, Nevers MB, et a!.
Modeling the transport and inactivation ofE. coli and enterococci in the near-shore region of
Lake Michigan. Environ Sci Techno!. 2006 Aug 15;40(16):5022-8.
85. Bower PA, Scope1 CO, Jensen ET, Depas MM, McLellan SL. Detection of genetic
markers of fecal indicator bacteria in Lake Michigan and determination of their relationship to
Escherichia coli densities using standard microbiological methods. App1 Environ Microbiol.
2005 Dec;71(12):8305-13.
86. Love DC, Sobsey MD. Simple and rapid F+ coliphage culture, latex agglutination, and
typing assay to detect and source track fecal contamination. Appl Environ Microbio!. 2007
Jul;73(13):4110-8.
87. Lucena F, Ribas F, Duran AE, Skraber S, Gantzer C, Campos C, et a!. Occurrence of
bacterial indicators and bacteriophages infecting enteric bacteria in groundwater in different
geographical areas. J App1 Microbio!. 2006 Jul;101(1):96-102.
88. Blackwood CB, Marsh T, Kim SH, Paul EA. Terminal restriction fragment length
polymorphism data analysis for quantitative comparison of microbial communities. App1
Environ Microbio!. 2003 Feb;69(2):926-32.
89. Marsh TL, Saxman P, Cole J, Tiedje J. Terminal restriction fragment length
polymorphism analysis program, a web-based research tool for microbial community analysis.
Appl Environ Microbio!. 2000 Aug;66(8):3616-20.
90. Stoeckel DM, Mathes MY, Hyer KE, Hagedorn C, Kator H, Lukasik J, et a!. Comparison
of seven protocols to identify fecal contamination sources using Escherichia coli. Environ Sci
Techno!. 2004 Nov 15;38(22):6109-17.
91. Horalcova K, M1ejnkova H, Mlejnek P. Direct detection of bacterial faecal indicators in
water samples using PCR. Water Sci Techno!. 2006;54(3): 135-40.
92. Somarelli JA, Makarewicz JC, Sia R, Simon R. Wildlife identified as major source of
Escherichia coli in agriculturally dominated watersheds by BOX AIR-derived genetic
fingerprints. J Environ Manage. 2007 Jan;82(1):60-5.
93. Weaver RW, Entry JA,Graves A. Numbers of fecal streptococci and Escherichia coli in
fresh and dry cattle, horse, and sheep manure. Can J Microbio!. 2005 Oct;51(10):847-51.
94. Meyer KJ, Appletoft CM, Schwemm AK, Uzoigwe JC, Brown EJ. Determining the
source offecal contamination in recreational waters. J Environ Health. 2005 Ju1-Aug;68(1):25
30.
95. Aluned W, Hargreaves M, Goonetilleke A, Katouli M. Population similarity analysis of
indicator bacteria for source prediction of faecal pollution in a coastal lake. Mar Pollut Bull.
2008 Jun 16.
96. Aluned W, Neller R, Katouli M. Population similarity of enterococci and Escherichia coil
in surface waters: A predictive tool to trace the sources of fecal contamination. J Water Health.
2006 Sep;4(3):347-56.
97. Ksoll WB, Ishii S, Sadowsky MJ, Hicks RE. Presence and sources offecal coliform
bacteria in epilithic periphyton communities of Lake Superior. Appl Environ Microbiol. 2007
Jun;73(12):3771-8.

25

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 27 of 28



98. McDowell RW. Water quality in headwater catchments with deer wallows. J Environ
Qual. 2007 Sep-Oct;36(5):1377-82.

26

Case 4:05-cv-00329-GKF-PJC     Document 2067-19 Filed in USDC ND/OK on 05/18/2009     Page 28 of 28


	15
	Exh N - Dupont Expert Report

